INTRODUCTION
============

It is known that death and disability from acute myocardial infarction (AMI) can be decreased if quality medical services and appropriate interventions are applied rapidly, even though the onset of AMI is also associated with a relatively high case-fatality rate (CFR). In this context, Korea, the USA, and several European countries have added AMI to the list of targets to be monitored and assessed at the national level.^[@R1]--[@R4]^

In Korea, the prevalence of cardiocerebrovascular disease has increased recently due to the ageing of the population, the Westernization of diets, and the continuing evolution of diagnostic technologies. Related socio-economic costs are also soaring. Indeed, the incidence of AMI has increased ∼10% per year and socio-economic costs due to cardiocerebrovascular disease (∼4200 billion Korean won/year) are close to those of associated with cancer (∼5500 billion Korean won/year), more than enough to be a major burden to Korean society.^[@R4]--[@R6]^ Although the incidence of AMI has been increasing annually, the CFR has decreased markedly since 2000 (16.0% in 2000 → 11.4% in 2007).^[@R4]^ Many countries have reported similar trends.^[@R7],[@R8]^ These declines in the CFR of AMI have been reported to be caused by advances in invasive treatments and medical management, such as thrombolytic therapy, and patients visiting hospitals earlier.^[@R4],[@R9]--[@R11]^

However, issues regarding healthcare disparity continue to increase in connection with access to quality AMI care despite the continued decrease in the CFR.^[@R12]^ In this context, studies of regional variation in the AMI CFR and the causes thereof have been reported.^[@R13]--[@R15]^

Additionally, limited access to quality healthcare in the rural areas of Korea constitutes an important challenge, because healthcare resources are concentrated in Seoul. It has been reported that 40% of medical institutions that can provide specialized AMI care services are concentrated in Seoul, and the disproportionate differences in the medical infrastructure available in Seoul versus in local areas is the focus of growing concern.^[@R5]^ This regional variation in the medical infrastructure may have a direct effect on death rates due to differences in the appropriate and timely administration of medical procedures or medication. Thus, we need additional empirical evidence regarding the relationship between regional variations in the quality of treatment and health outcomes to improve the quality of care on a national basis.

This study explored regional variations in AMI CFRs and examined whether such variations may be associated with disparities among geographical regions in access to quality medical services for patients with AMI. This study included all AMI patients in Korea identified in claims database of the Korea National Health Insurance (NHI) program.

METHODS
=======

Data Source and Study Population
--------------------------------

Study data were collected from the Korea National Health Insurance (KNHI) Claims Database of the Health Insurance Review and Assessment Service (HIRA) for the period from 2003 to 2007. This database contains all claims data provided by the National Health Insurance (NHI) program and the Medical Aid program. The NHI program of Korea covers about 96% to 97% of the population as a compulsory social insurance scheme. The remaining 3% to 4% is protected under the Medical Aid program as public assistance for healthcare for the poor.^[@R16],[@R17]^

The National Health Insurance Corporation (NHIC) is the sole healthcare insurer in Korea, established by statute and responsible for operating the KNHI program; HIRA is in charge of reviewing healthcare providers' claims and the Ministry of Health and Welfare (MOHW) supervises the program as a whole. Its main sources of funding are contributions from the insured and government subsidies.^[@R16],[@R18]^ Korea\'s healthcare delivery system and claims data have been described in detail in previous reports.^[@R18]--[@R20]^

This retrospective cohort study of new AMI patients admitted to a hospital was conducted to examine whether regional variations in AMI fatality rates may be due to disparities in access to quality medical services. In total, 97,718 patients were first diagnosed with AMI (code "I21" of the International Classification of Disease, 10th revision; ICD-10) as their primary condition from 2003 to 2007; 296 of these patients were admitted to a clinic and were excluded. Additionally, 1806 patients who were transferred to other hospitals were excluded. Finally, 95,616 patients were selected for analysis. The time of each patient\'s initial diagnosis was confirmed by the lack of a medical claim for AMI (ICD--10 I21) as a primary or secondary disease from December 1994, the year in which the computerized billing system was initiated, to 2002.^[@R4],[@R19]^ Each patient was followed in the claims database for information about treatment after admission or death.^[@R19]^

This study was approved by the Institutional Review Boards of the Health Insurance Review and Assessment Service.

Study Variables
---------------

### Dependent Variable: CFR

The primary outcome variables were the 1- and 30-day CFRs, defined as the proportion of AMI patients who died on the day of admission or within 30 days of follow-up after admission against the number of diagnosed cases of the disease.^[@R16],[@R19]^

### Independent Variable: Region (Seoul, Metropolitan Area, City, County)

The primary independent variable was region of admission. In this study, Korea\'s geographical location was classified into 4 regions: Seoul, as a special city, metropolitan areas, cities, and counties. The administrative divisions of Korea include 1 special city (Seoul), 6 metropolitan cities, and 9 provinces. Each province is subdivided into cities and counties. Each city has a population of at least 150,000. Each county has a population of less than 150,000.^[@R21]^

### Covariates

Covariates consisted of demographic (age, sex, insurance type), severity, medical management, and invasive management variables. Severity variables included the presence or absence of coexisting conditions, including diabetes, hypertension, chronic obstructive pulmonary disease (COPD), chronic liver disease, chronic renal disease, cerebrovascular disease, anemia, and cancer, and the presence or absence of complications. Complications were subdivided into mechanical and arrhythmic complications. Mechanical complications, primarily referring to left ventricular dysfunction, included congestive heart failure, left heart failure, cardiomegaly, acquired cardiac septal defects, and cardiogenic shock. Arrhythmic complications (ie, electrical instability) included cardiac dysrhythmias, atrioventricular blocks, and other conduction disorders.^[@R16],[@R19],[@R22]^ We assumed the presence or absence of complications based on whether the admission claim for each case included specific diseases, because we could not identify the onset of complications due to lack of information.

To assess whether regional differences in the CFRs of AMI inpatients were associated with differences in the rates of invasive or medical management, we investigated the procedures performed within 30 days after admission.^[@R19]^ Medical management variables included aspirin, thrombolytic drugs (tissue plasminogen activator (t-PA), urokinase, streptokinase, limaprost, and tenecteplase), β-blockers, and cholesterol-lowering drugs (statins, fibrates). Invasive management variables were coronary angiography (CAG), cardiac catheterization, percutaneous coronary intervention (PCI), and coronary artery bypass graft (CABG).^[@R9],[@R19],[@R22]^ These medical or invasive management variables were the principal variables that affected the CFR of AMI patients.^[@R9],[@R19],[@R22]^

Statistical Analysis
--------------------

We performed χ^2^ tests and analyses of variance (ANOVA) to evaluate differences in demographic characteristics and severity among AMI patients admitted in the 4 region types. Differences in the rates of performing medical or invasive management and in the AMI CFRs by region were evaluated using a multiple logistic regression model. To compare the performance rates, we adjusted for age, sex, insurance type (National Health Insurance, Medical Aid), presence or absence of coexisting conditions, and presence or absence of complications. Additionally, for the CFRs, medical or invasive management variables were added to the covariates.

RESULTS
=======

Characteristics of the Patients
-------------------------------

Of the 95,616 AMI patients, the largest numbers were treated in cities (n = 38,909; 40.7%), followed by 34.8% in metropolitan areas (n = 33,270), 20.5% in Seoul (n = 19,612), and 4.0% in counties (n = 3825).

In terms of the study population\'s characteristics by region, counties showed higher proportions of females, seniors aged 80 or older, and Medical Aid beneficiaries, compared with other regions (Table [1](#T1){ref-type="table"}). Seoul and metropolitan areas had higher proportions of patients with diabetes, hypertension, anemia, and cancer, whereas counties had higher proportions of patients with COPD, liver disease, and cerebrovascular disease as coexisting conditions versus other regions. Whereas mechanical complications were more frequent in the patients from counties, arrhythmic complications were more common in those in cities (Table [1](#T1){ref-type="table"}).

###### 

Characteristics of Study Subjects by Region
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Invasive and Medical Management
-------------------------------

The rate of performing invasive management was 59.6% for CAG, 11.7% for cardiac catheterization, 48.0% for PCI, and 2.2% for CABG (Table [2](#T2){ref-type="table"}). The rates varied among regions; the rate decreased as the region went "down" from Seoul to the counties. In particular, the rates in counties (CAG: 21.1%, cardiac catheterization: 5.8%, PCI: 17.0%, CABG: 0.3%) were considerably lower than those in other regions. Even after adjusting for sex, age, insurance type, coexisting conditions, and complications, the odds of patients receiving invasive management was lower in counties than in other regions (total invasive management: Seoul, odds ratio (OR) = 8.46, 95% confidence interval (CI) = 7.79--9.12; metropolitan areas, OR = 6.87, 95% CI = 6.35--7.44; cities, OR = 4.87, 95% CI = 4.50--5.26; vs. counties, OR = 1.0). Comparisons according to type of invasive management (CAG, cardiac catheterization, PCI, and CABG) showed similar results.
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A similar trend was evident in the rates of performing medical management; the rates were lower in counties (aspirin: 31.4%, thrombolytic drugs: 4.3%, β-blockers: 22.2%, cholesterol-lowering drugs: 13.7%) than in other regions (Table [2](#T2){ref-type="table"}). The odds of patients receiving medical management after adjusting for the same covariates as invasive management were lower in counties than in other regions (total medical management: Seoul, OR = 8.08, 95% CI = 7.36--8.88; metropolitan areas, OR = 7.02, 95% CI = 6.41--7.68; cities, OR = 5.64, 95% CI = 5.16--6.17; vs. counties, OR = 1.0).

Case-Fatality Rate
------------------

Of the total 95,616 AMI patients, 9814 (10.3%) died on the day of admission and 17,458 (18.3%) died within 30 days after admission (Table [3](#T3){ref-type="table"}). The AMI CFRs on the day of admission and within 30 days thereafter in Seoul and metropolitan areas were lower than the mean level of all regions, whereas both rates in cities and counties were higher. In particular, in the counties, the AMI CFR reached 25.0% on the day of admission and 39.4% within 30 days thereafter. Even after adjusting for patient demographic characteristics and severity, the odds of death were higher in patients in regions other than Seoul: metropolitan areas (on the day of admission: OR = 1.18, 95% = CI 1.10--1.25; within 30 days of admission: OR = 1.07, 95% CI = 1.02--1.12), cities (on the day of admission: OR = 1.37, 95% CI = 1.29--1.46; within 30 days of admission: OR = 1.17, 95% CI = 1.11--1.22), and counties (on the day of admission: OR = 3.76, 95% CI = 3.43--4.13; within 30 days of admission: OR = 3.09, 95% CI = 2.85--3.45).
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After adjusting for invasive and medical management variables in addition to the earlier covariates, the difference between Seoul and the counties was reduced. The odds of death for AMI patients in counties (on the day of admission: OR = 1.32, 95% = CI 1.19--1.46; within 30 days of admission: OR = 1.47, 95% CI = 1.35--1.61) remained statistically significantly higher than in Seoul, but the extent of the difference decreased greatly, and the significance of differences between metropolitan areas (on the day of admission: OR = 1.06, 95% = CI 0.99--1.14; within 30 days of admission: OR = 1.00, 95% CI = 0.95--1.05) and cities disappeared (on the day of admission: OR = 1.06, 95% = CI 0.99--1.13; within 30 days of admission: OR = 0.97, 95% CI = 0.93--1.02).

DISCUSSION
==========

The Organization for Economic Cooperation and Development (OECD) reported that Korea ranked among the highest in the quality of care for AMI; noted that it seemed to follow clinical guidelines and best practices better than other OECD countries when considering good performance in process indicators, such as the administration of aspirin upon arrival at the hospital and appropriate prescriptions at the time of discharge; and showed huge increases in the volume and capacity for invasive management measures such as PCI or CABG in recent years.^[@R23]^ However, ∼40% of the hospitals providing healthcare services specialized for AMI are concentrated in Seoul, and the disparity between Seoul and the rest of the country in terms of healthcare system infrastructure continues to be alarming.^[@R5]^

Consequently, experts have suggested the existence of large regional variations in the volume and quality of care for AMI, which could lead to variation in the risk of mortality among the regions.^[@R5],[@R23],[@R24]^ Indeed, in this study, we identified significant differences among regions in terms of the CFR. Specifically, the CFR for AMI patients in Seoul was 16.4%, whereas the rate for counties was 39.4%, almost 2.4-fold higher than in Seoul (Table [3](#T3){ref-type="table"}).

The sources of this variation may be explained in 2 ways: differences in patient clinical characteristics in terms of severity, and/or differences among the regions in the quality of care due to disparities in healthcare facilities and professionals specializing in AMI.^[@R15],[@R19]^

This study found differences in the AMI patient clinical characteristics and the intensity of the medical interventions provided by region. Compared with other regions, counties had higher proportions of patients aged 80 years or older (counties: 25.0% vs. other regions: 13.6%; *P* \< 0.001), females (counties: 46.6% vs. other regions: 37.4%; *P* \< 0.001), and Medical Aid beneficiaries (counties: 23.8% vs. other regions: 9.6%; *P* \< 0.001), who have been reported to have higher AMI mortality risks.^[@R4],[@R25]--[@R27]^ Additionally, counties had higher proportions of patients with coexisting conditions, such as cerebrovascular disease (counties: 4.2% vs. other regions: 2.7%; *P* \< 0.001) and mechanical complications (counties: 6.9% vs. other regions: 6.2%; *P* = 0.001) than other regions (Table [1](#T1){ref-type="table"}). However, differences in the CFRs among the regions remained even after adjusting for patient demographic characteristics and severity (Table [3](#T3){ref-type="table"}). Thus, these remaining differences may be due to causes other than patient clinical characteristics.

This study examined regional variations in the intensity of medical and invasive management (Table [2](#T2){ref-type="table"}). Revascularization has been reported to improve the short- and long-term survival rates by decreasing the degree of myocardial necrosis and preventing hemodynamic malfunction of the ventricles.^[@R28]--[@R31]^ Previous studies have reported that administering aspirin promptly after a suspected AMI can reduce the risk of death and have effects that are apparent for 10 years;^[@R32]--[@R33]^ indeed, early β-blocker therapy in AMI patients can also reduce the case-fatality and morbidity risks.^[@R34]^ The American Heart Association (AHA) recommended measuring cholesterol within 24 hours of admission in a patient with AMI and reported that administering cholesterol-lowering drugs at the onset of symptoms lowered the case-fatality risk.^[@R35]^ In this study, the rate of performance of both invasive cardiac procedures (CAG, cardiac catheterization, PCI, CABG) and medical management (administration of aspirin, thrombolytic drugs, and cholesterol-lowering drugs) in AMI patients decreased compared with that in Seoul in metropolitan areas, cities, and counties (in that order). These differences persisted after adjusting for patient demographic characteristics and severity (Table [2](#T2){ref-type="table"}). This caused us to suspect that regional variation in the AMI CFR was due to differences in the frequency of performance of those cardiac interventions among regions. To examine this, we explored regional variation in the AMI CFR after adjusting for invasive and medical management in addition to the earlier covariates. The odds of death for AMI-admitted patients in counties remained significantly higher versus in Seoul; however, the extent of the difference decreased greatly, and there were no longer significant differences among Seoul, metropolitan areas, and cities (Table [3](#T3){ref-type="table"}).

To summarize, the regional variation in the AMI CFR in Korea is likely caused by differences in the frequency of the performance of medical and invasive procedures rather than being due to differences in patient characteristics and disease severity. Moreover, the difference in providing cardiac procedures seems to be, at least in part, explained by the concentration of large hospitals in Seoul and the major metropolitan areas.

In Korea, healthcare institutions are classified into 3 groups according to the number of beds they contain: "clinics" have fewer than 30 beds, "hospitals" have 30 to 99 beds, and "general hospitals" have more than 99 beds. The MOHW also differentiates "tertiary hospitals" from "general hospital" applicants on the basis of whether they meet the standards for teaching hospitals and fulfill other criteria.^[@R17],[@R20]^

Of the total 44 tertiary hospitals in Korea, 17 (38.6%) are located in Seoul. Furthermore, 66.7% of AMI patients admitted in Seoul used the tertiary hospitals in Seoul, but 61.0% of county patients were hospitalized in hospitals. Thus the disparity in access to quality AMI care among the regions is difficult to ignore.

In local areas, the average fulfillment rate for critical conditions of emergency healthcare institutions (facilities, equipment, manpower) was 46.0%, lower than the national average of 58.4%.^[@R36]^ That is, the regional imbalance in healthcare institutions providing appropriate and prompt care for cardiovascular diseases can be thought of as the major source of the significant difference in performance of AMI treatment between urban and rural areas.^[@R23]^

This study had several limitations. First, we identified only whether specific cardiac procedures were implemented; we did not measure the quality of care. To reduce the CFR, it is important to assess whether the procedure was performed, but the appropriateness of the procedure performed and the quality of care are also important.^[@R15],[@R37]^ The fact that the CFRs in the counties compared with Seoul remained higher after adjusting for both patient clinical characteristics and performance of invasive and medical management indicates that there is room for improvement in terms of controlling differences in quality of AMI care among regions. In this regard, further studies are needed.

Second, in this study, we did not consider the specific type of AMI. To designate type (STEMI vs. NSTEMI), it is necessary to have ICD-10 diagnosis codes consisting of at least 4 digits. However, 10.7% of the total study populations (n = 10,200) had claims with only a 3-digit code, "I21." One possible explanation for using the 3-digit code is that the type of AMI may not have been determined at the time of diagnosis. Also, medical institutions may simply have omitted the 4th digit because use of the 3-digit code is accepted for provider reimbursement in the KNHI. Despite this coding issue, the multiple logistic regression results obtained after additional adjustment for AMI type (STEMI, ICD-10 codes I21.0, I21.1, I21.2, and I21.3, 23.0%; NSTEMI, ICD-10 code I21.4, 4.2%; unspecified, ICD-10 code I21.9, 62.1%) and exclusion of the 10,200 patients with an ICD-10 diagnosis of 121 reflected the same trend as shown in Table [3](#T3){ref-type="table"} (data not provided).^[@R16],[@R19]^

Third, we did not consider distance to the healthcare facility as one of the sources of regional variations in AMI CFRs. Even if all other conditions were identical, differences in the transport time to the medical institution may have contributed to the observed regional variations. In other words, the higher AMI CFRs in counties than in Seoul may have been caused by lack of appropriate invasive or medical management or by lack of the timely administration of these services due to longer transport times. It is important to consider the time elapsed and the distance travelled before admission to a medical institution as possible contributors to regional variations in AMI CFRs in future research.

Finally, the data used this study are probably characterized by a hierarchical structure in which patients are nested in hospitals and hospitals are nested in regions. That is, patients from the same hospital may have been more closely related than were those in different hospitals. Future studies should employ a multi-level analysis to examine regional variations and their sources after controlling for the bias of this hierarchical structure.

In conclusion, we confirmed regional variations in the AMI CFRs. This is likely to have been caused by the differing frequencies of the performance of medical and invasive procedures among regions. Regional differences in the AMI CFR could be caused by differences in specialized facilities and manpower or by differences in time from the onset of AMI to arrival in hospital among regions. Benefit from revascularization is directly associated with the time taken for the restoration of perfusion to the part that has suffered ischemia; thus reducing this time as much as possible would result in the optimal outcome.^[@R31],[@R38],[@R39]^ In Korea, the proportion of patients receiving primary revascularization within 90 min of hospital arrival has been reported to be 97.7%; however, the door-to-hospital arrival time from onset of AMI was 156 min, on average.^[@R24],[@R40]^ This could explain why patient outcomes, such as overall survival, hospital discharge rate, and 1-year survival rate, have not improved markedly even though the frequency of cardiac procedures provided since hospital arrival is higher than that in other OECD countries.^[@R5],[@R23],[@R24]^

Generally, given that the ageing population is increasing rapidly and access to hospitals is relatively low in rural areas versus major urban areas, a public education program to make patients aware of early symptoms and to immediately make an emergency medical call or visit a hospital early should be established as the first priority to improve the outcomes of AMI patients who reside in counties (primary prevention). Next, we need to design emergency medical center extensions and activate a cooperative network to provide appropriate AMI care within all regions (secondary prevention). In connection with the preceding preventative steps, establishing a patient registration system and designing a systematic treatment process to provide continuous rehabilitation care will also contribute substantially to improving AMI patient outcomes (tertiary prevention).
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